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Text

The data for the isotopic baseline consist of food and food-group (terrestrial resources: TR,
freshwater animals: FA and marine animals: MA) specific isotopic data (Table G, H) and
isotopic offsets (Table ). The isotopic data has been mostly obtained by collecting the
existing isotopic data into the public SIANA database[1] established for paleodietary research
in the Nordic areas and by new measurements. Marine baseline data were separated according
to geographical area of the Baltic basin to mimick the different carbon origin: Bothnian Bay
i.e. > 63° latitude (later on 63-66°N or Bothnia), Baltic Sea proper (56-63°N or Baltic) or
from the whole region (56-63°N or total). This selection affects both the isotopic baseline and
the estimated maximal marine reservoir effect (MRE). TR data includes literature values on
sites above 50° latitude to allow for taking into account the multitude of food types included
(plants, animals, dairy products), as such information is still limited at higher latitudes.
Freshwater signal was assumed to be local and thus available eastern Fennoscandian fish flesh
values were used. The flesh values were not lipid corrected due to small effect estimated[2].
All 513C values of modern samples were corrected for the anthropogenic carbon dioxide i.e.
the Suess effect[3] by +1.5%o, defined as the year ~AD 2010 estimate[4]. *°N values of all
the charred samples were corrected by -1%o[5] either already in literature cited[6,7] or within
this work[8]. The average values given include these corrections. Eventually, the food
fraction (Protein / Energy) -specific isotopic values for food groups were obtained (Table J)
by using offsets (Table 1) to convert the values to edible macronutrient values and by simple
averaging them within each food group. The simple averaging was adopted to avoid biases
within the dietary modellings.

Based on the isotopic baseline data, one can access the issue of high §*C values of the LL2
subgroup. The LL2 subgroup differs from the LL1 by carbon isotopic ratios (t(4)=-6.779,
p=0.002) and from the LL3 subgroup by nitrogen isotopic ratios (t(6)=-5.111, p=0.002)
(Table F in S4 Appendix). Our dietary modelling provides a reasonable interpretation for
these separations and indicate, in particular, negligible freshwater influence in LL2. The
assumed average 5'°C value for edible protein is -25.8 = 0.7%o (Table J). We have adopted
this as an average of all the available terrestrial food proteins. The relatively low value means
that the dietary modelling interprets the high carbon isotopic values of LL2 being largely due
to marine influence. However, we are aware that the average isotopic baseline for TR do not
necessarily resolve the underlying fine structure on, particularly, the high carbon isotopic
ratios observed for LL2.

There could be two alternative possibilities that could yield to high carbon isotopic ratios for
LL2 human bones. The first is consumption of reindeer meat. Reindeer (Rangifer tarandus) is
known to possess slightly higher §3C values (-19.7 £ 0.7%o) compared to typical C3-plant
eating herbivores due to lichen as a winter forage[9,10] (Table H). The other is consumption
of flesh of domesticated animals of Gotland: high §*3C values (-16.6 + 0.5%o) have been
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observed within the Viking Age context of Ridanas, Gotland[11]. This may indicate use of
aquatic plants as a fodder. In addition to assimilating atmospheric CO>, aquatic plants may
use HCO3™ from water[12] allowing for dissolved inorganic carbon, with high §*3C, to be
fixed into plant structure. The sources for such carbon would be rich limestone reservoirs of
Gotland and Baltic countries, resulting also in the high MREs found within the areas[13]. We
have integrated both reindeer and Gotland domesticated animals into our isotopic baseline of
TR (Table H) by averaging within and between species and thus their weight is small within
our standard dietary modelling. To understand whether these scenarios would be realistic,
dietary modellings were also performed on the LL2 individuals with assumed 30, 50 and
100% fractions of reindeers or, alternatively, Gotland domesticated animals solely
contributing to the TR baseline. In addition, for the reindeer scenario being very local, we
assumed potential marine influence coming from the Bothnian Bay (Bothnia) and for Gotland
scenario, as non-local, we assumed it from the Baltic Sea (Baltic). As an example, according
to the modelling of individual #38, it seems that this would lead to very low marine (2-11%)
and very high terrestrial (86-94%) food group fractions for Gotland scenario. Instead, if just
applying the normal Baltic scenario with averaged isotopic baseline for LL2, one obtains 19%
and 79% for MA and TR, respectively. The latter seems more realistic as the selected Viking
Age population in Gotland was previously estimated, although not modelled, to consume
nearly equally marine and terrestrial resources[11]. Assuming reindeer scenario one obtains
very high protein consumptions of 68-78% for #38. Although this is partly explained by the
low fat content of reindeer meat and high-protein fish meat, such protein fractions are still
unrealistically high and would possibly lead to fatal health effects[14]. Therefore, we exclude
both pure reindeer and pure Gotland scenarios and adopt the averaging approach to obtain the
isotopic baseline to eventually model the diets of LL2 individuals.



Table G. Animal bone collagen isotopic data measured within this study. All the samples have been found from the Levénluhta burial except three
from Kaldamaki, marked with #in the second column. NM = National Museum, UH = University of Helsinki, UT = University of Tibingen. The
adopted isotopic data were obtained by averaging of the UH and UT results. Tissues from which the analyses have been performed are provided in the
column “Species” as ~ = bone, T = tooth. The corresponding radiocarbon dates, made by the Laboratory of Chronology at UH (see Methods), have been
given in Wessman et al (2018)[15]. The food group in which the data is used within the isotopic baseline are specified in the column “Food group”.

. RA 613C(%0 SISN(%O 613C(%0 3°N(%o 613C(%0 615N(%0 Food
Species NM code (BP) c C% N% CIN UH ) UH ) uT ) U'(I' ) adopt. ) adopt. ) group Source

Ansersp.”  21926:915 1510 26 437 151 3.4 -17.3 15.0 -17.2 15.1 -17.2 15.1 this work,
[15]

Bos taurus”  21926:1199 418 26 403 13.0 3.6 -22.9 6.5 -22.4 6.3 -22.6 6.4 TR this work,
[15]

Bos taurus”  6373:1447 NA NA 435 157 3.2 -22.2 4.6 -22.0 4.6 -22.1 4.6 TR this work

Bos taurus”  10202:4 or 1748 28 40.2 145 3.2 -20.8 6.1 -20.6 6.3 -20.7 6.2 TR this work,
10438:14* [15]

Bos taurus~ 21926:1744 74 25 426 15.0 3.3 -22.0 4.3 -21.8 4.7 -21.9 4.5 TR this work,
[15]

Bos taurus.  2996:1862 196 25 406 146 3.3 -21.7 55 -215 5.7 -21.6 5.6 TR this work,
[15]

Canis 21814:28 371 26 412 148 3.3 -19.6 10.7 -19.4 11.2 -19.5 11.0 this work,
familiaris” [15]

Equus 21814:584 593 29 377 131 3.4 -22.9 4.3 -22.6 4.3 -22.8 4.3 TR this work,
caballus” [15]

Equus 22395:43 382 25 396 14.0 3.3 -23.0 5.6 -22.5 55 -22.7 55 TR this work,
caballus” [15]

Equus 21814:23 555 29 40.0 14.2 3.3 -22.5 5.8 -22.3 5.9 -22.4 5.9 TR this work,
caballus™ [15]

Equus 21814:525 572 29 40.7 147 3.2 -22.9 5.0 -22.6 5.3 -22.8 5.2 TR this work,
caballus” [15]

Equus 2441:5 585 28 40.7 144 3.3 -22.9 7.4 -22.5 7.2 -22.7 7.3 TR this work,
caballus’ [15]

Equus 10202:4 or 117 25 389 140 3.2 -22.2 7.6 -22.0 8.1 -22.1 7.8 TR this work,
caballus”  10438:14* [15]




Equus 6111:7.701 330 27 385 139 3.2 -22.8 5.6 -22.5 5.8 -22.6 5.7 TR this work,
caballus” [15]

Equus 6373:15.14 NA NA 370 130 33 -22.4 7.9 -22.1 7.9 -22.3 7.9 TR this work

caballus” 17, 1420

Equus 21814:526 595 26 423 148 3.3 -22.9 5.6 -22.7 5.8 -22.8 5.7 TR this work,
caballus™ [15]

Gallus 21926:345 1234 27 416 144 34 -22.2 12.1 -21.9 12.3 -22.1 12.2 TR this work,
domesticus” [15]

Ovis aries”  10202:4 or 1649 27 40.7 138 3.4 -21.6 7.1 -21.5 7.4 -21.6 7.2 TR this work,
10438:14* [15]

Ovis aries” 21926 612 136 25 405 144 3.3 -22.0 5.9 -21.8 6.0 -21.9 6.0 TR this work,

[15]




Table H. Baseline isotopic data used within this work. The isotopic data has been mostly obtained through the public 3IANA database[1] and the
original references are listed in the column “Source”.

Species/sample Taxon Tissue 813C(%o) o N 31N (%o) o N Food group Source
Barley Hordeum vulgare bulk seed -24.1 2.0 23 3.3 1.4 22 TR [6,8]
Blackberries Rubus fruticosus bulk berries -23.3 1.2 3 -1.5 2.4 3 TR [16]
Brown bear Ursus arctos bone collagen -20.6 0.7 5 5.5 2.1 5 TR [1,17]
Cattle Bos taurus bone collagen -21.8 0.6 46 49 1.2 46 TR this work,
[7,18-25]
Charred grains charred seeds -24.4 1.4 20 4.5 1.2 20 TR [7]
Common wheat Triticum aestivum bulk seed -22.2 1.1 21 1.7 1.4 20 TR [8]
Crowberry Empetrum nigrum bulk berries -24.7 NA 1 NA NA NA TR [16]
Durum wheat Triticum durum bulk seed -25.0 0.5 9 4.5 1.2 9 TR [6]
Einkorn wheat Triticum monococcum bulk seed -24.1 0.4 8 4.6 0.4 8 TR [6]
Elk Alces alces bone collagen -21.7 0.5 24 4.4 1.6 24 TR [1,26]
Emmer wheat Triticum dicoccum bulk seed -24.1 0.8 29 3.8 1.6 29 TR [6]
Grouse Tetrao sp. bone collagen -22.2 0.5 9 3.5 1.8 9 TR [1,24]
Hare Lepus sp. bone collagen -23.5 0.8 16 3.7 2.1 16 TR [1,18,24,27]
Horse Equus sp. bone collagen -22.7 0.3 11 5.8 1.3 11 TR this work,
[18,25]
Labrador tea Rhododendron bulk plant -25.6 1.0 3 -3.6 2.5 3 TR [16]
groenlandicum
Lentil Lens culinaris bulk seed -23.1 NA 1 3.5 NA 1 TR [6]
Milk (organic) milk protein -24.0 0.8 60 4.8 0.3 60 TR [28]
Pea Pisum sativum bulk seed -23.9 0.2 2 25 1.9 2 TR [6]
Pig Sus sp. bone collagen -21.7 0.6 21 7.3 2.4 21 TR [7,18—
21,24,25,27,29]
Plants bulk plant -25.7 15 24 TR [30]
Pond plants bulk plant -29.5 NA 1 -0.6 NA 1 TR [16]
Reindeer Rangifer tarandus bone collagen -19.7 0.7 17 5.2 2.1 17 TR [1,17,24]
Roots Hedysarum alpinum bulk plant -25.7 0.4 2 -1.6 1.2 2 TR [16]
(typically)
Salmonberries Rubus spectabilis bulk berries -23.8 0.9 5 1.1 1.0 5 TR [16]




Species/sample Taxon Tissue S13C(%o) c N 3N (%o) c N Food group Source
Sheep/goat Ovis/Capridae bone collagen -21.6 0.5 34 5.8 1.7 34 TR this work,
[7,17-19,23—
25]
Sour dock Rumex arcticus bulk plant -27.4 NA 1 2.8 NA 1 TR [16]
Stinkweed Artemisia tilesii bulk plant -27.8 NA 1 -2.7 NA 1 TR [16]
Bream Abramis brama flesh -26.0 2.1 11 13.3 1.4 11 FA [2]
Burbot Lota lota flesh -29.2 1.6 16 17.6 0.9 16 FA [2]
Perch Perca fluviatilis flesh -28.2 1.9 99 145 1.9 99 FA [2,31]
Pike Esox lucius flesh -28.7 0.9 12 16.7 0.7 12 FA [2]
Pike-perch Sander lucioperca flesh -29.4 0.6 20 17.2 0.5 20 FA [2]
Roach Rutilus rutilus flesh -27.2 1.7 113 12.8 15 113 FA [2,31]
Ruffe Gymnocephalus flesh -32.8 2.7 3 14.9 15 3 FA [32]
cernua
Whitefish Coregonus lavaretus flesh -30.6 1.1 17 145 0.9 17 FA [2]
Atlantic cod Gadus morhua bone collagen -14.6 1.2 53 13.3 1.9 53 MAgaitic [33-36]
Baltic herring Clupea harengus bone collagen -14.9 0.4 2 9.5 0.9 2 MARBaitic [33,34]
membras
Baltic herring Clupea harengus flesh -21.3 0.9 9 NA NA NA M Agothnia [37]
membras
Burbot Lota lota flesh -20.9 1.8 5 NA NA NA M Agothnia [37]
Grey seal Halichoerus grypus bone collagen -16.1 0.8 11 13.8 0.6 11 MABgaitic [1,33,34]
Grey seal Halichoerus grypus flesh -18.7 1.1 59 13.8 0.9 59 MABothnia [38]
Harbour porpoise Phocoena phocoena bone collagen -14.9 0.6 6 12.2 0.5 6 MAgaitic [33,34]
Harp seal Pagophilus bone collagen -16.3 0.6 15 13.6 1.0 15 MA&aitic [33,34,39]
groenlandicus
Perch Perca fluviatilis bone collagen -14.1 NA 1 9.6 NA 1 MA&gaitic [33]
Perch Perca fluviatilis flesh -20.6 0.8 3 NA NA NA M Agothnia [37]
Pike Esox lucius bone collagen -11.7 0.8 8 11.3 0.6 8 MAgaitic [33,34]
Ringed seal Pusa/Phoca hispida bone collagen -16.4 1.1 11 12.4 1.1 11 MABaric [1,24,33,34,39]
Ringed seal Pusa/Phoca hispida bone collagen -17.9 1.4 6 13.1 0.6 6 MABothnia [1,24]
Ringed seal Pusa/Phoca hispida flesh -19.4 0.8 46 13.2 0.5 46 MABothnia [38,40]
Ruffe Gymnocephalus flesh -19.6 0.7 5 NA NA NA M Agothnia [37]

cernuus




Species/sample Taxon Tissue S13C(%o) c N 3N (%o) c N Food group Source
Salmon Salmo salar flesh -18.3 0.5 10 NA NA NA M Agothnia [37]
Smelt Osmerus eprlanus flesh -20.3 0.5 7 NA NA NA M Agothnia [37]
Vendace Coregonus albula flesh -21.5 0.4 5 NA NA NA M Agothnia [37]
Whitefish Coregonus lavaretus flesh -20.4 0.8 15 NA NA NA M Agothnia [37]




Table I. Offsets of isotopic values used in this work. TR = Terrestrial resources, FA = Freshwater animals, MA = Marine animals. The food group and
type-specific offsets were used to convert the literature and the measured species-specific reference values of modern/ancient plant, flesh or bone
collagen to edible macronutrient values. Uncertainties of offsets has been typically adopted as 0.5%o. The diet-to-collagen offset values (the two
lowermost rows) that are taken into account in FRUITS modellings through the model code with 0.2 and 0.5%o uncertainties[7,41] for carbon and

nitrogen, respectively.

Applied to Corrects for Correction Source
TR, plants 513C, Bulk to protein -2 [42]
TR, plants 5'3C, Bulk to carbohydrates 0.5 [42]
TR, plants 5'3C, Protein to lipids -7 [43,44]
TR, animals 313C, Bone collagen to flesh protein -2 [41,42]
TR, animals 31°N, Bone collagen to flesh protein 2 [7,41]
TR, animals 5'3C, Flesh protein to flesh lipids -8 [45]
TR, dairy products 5'3C, Protein to lipids -2.5 [28]
TR, dairy products 313C, Protein to carbohydrates 0 [46]
FA, MA 313C, Bone collagen to flesh protein -1 [41]
FA, MA 5'°N, Bone collagen to flesh protein 2 [41]
FA, MA d13C, Flesh protein to flesh lipids -7 [43,44]
All modern samples 513C, Modern to ancient (Suess effect) 1.5 [4,47] (modern assumed as
ca. AD2010)
All charred grains 5N, Charred to non-charred -1 [7]
Assumed adults (in FRUITS) 513C, Diet to collagen offset 4.8 [7,41,48]
Assumed adults (in FRUITS) SN, Diet to collagen offset 5.5 [41]
Identified children (in FRUITS) d13C, Diet to collagen offset +lie 58 [49,50]
Identified children (in FRUITS) 31N, Diet to collagen offset +2.5i.e.8.0 [49,50]




Table J. Food-fraction specific isotopic values for food groups obtained by averaging the species-specific (ancient) edible macronutrient isotopic
values. Uncertainties of offsets are propagated into the eventual uncertainties for the edible macronutrient isotopic values by quadratic summing with
the standard error of the mean isotopic values. Additionally, a conservative estimate for the uncertainty of the TR/Energy value has been obtained

as | 613Cfat - 613Ccarb0hydrate | /2.

Food group Food fraction 313C(%o) + S1N(%o) + Notes
TR Protein -25.8 0.7 3.6 0.9
TR Energy -27.7 3.3 average of fat and carbohydrate values
FA Protein -29.0 0.9 15.2 0.8
FA Energy -36.0 1.1
MABothnia Protein -20.0 0.6 14.0 0.8 latitudes 63-66°N
M ABgothnia Energy -27.0 0.8 latitudes 63-66°N
MABattic Protein -15.9 0.9 14.0 0.8 latitudes 56-63°N
MABalic Energy -22.9 1.0 latitudes 56-63°N
MAotal Protein -18.2 0.8 13.9 0.7 latitudes 56-66°N
MAotal Energy -25.2 0.9 latitudes 56-66°N
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